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MICROCOLONIES (G-VARIANTS) OF STAPHYLOCOCCUS AUREUS**
The persistence or recurrence of bacteria in patients treated with appro-
priate antimicrobial therapy continues to be a perplexing problem in
clinical medicine. Incomplete bactericidal capacity of the host is probably
a contributing factor, but of equal importance may be the ability of bacteria
to adapt by acquiring a lowered metabolism and a reduced rate of replica-
tion. Since most antimocrobials require an actively synthesizing cell for
inhibitory action, a less active rate of metabolism could be associated with
microbial persistence.
Unusual colony morphology is evidence of reduced replication in certain
bacterial species. Staphylococcus aureus, for example, responds to sub-
optimal growth conditions by appearing as pin-point colonies less than
0.2 mm. in diameter on the surface of agar plates. These microcolonies
have been termed G-variants since early workers considered them to be
metabolic variants arrested during the gonidial phase of development.'2
The microcolony staphylococci are unstable and frequently revert to typical
colonies on subculture.' Occasionally, however, microcolonies are stable
on subculture and can be studied.
This is a report of in titro and in zvvo observations on stable micro-
colonies of staphylococci from human sources.
MATERIALS AND METHODS
Staphylococcal strains
Parent vegetative colony forms and daughter microcolonies were compared. The
term microcolony will be used to designate the variant colony forms in this report.
1. Staphylococcus aureus 502A: The parent strain was provided by Dr. Henry
Shinefield. This strain was recovered from the anterior nares of an asymptomatic
adult. The microcolony form was isolated from the surface of .8% agar containing
0.05 units of penicillin. Microcolonies were stable aerobically and more than 70
subcultures were made on nutrient (trypticase soy) agar without reversion to
parent form.
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2. Staphylococcus aureus (Kramer): This strain was provided by Dr. Wendall
L. Hall. Microcolonies were cultured from the blood of a patient being treated with
Nafcillin for staphylococcal bacteremia secondary to an infected aortic valve prosthesis.
Limited studies were possible with microcolonies of this strain since there was
reversion to typical colony forms after two to five subcultures.
3. Staphylococcus aureus (L. H.): This strain was recovered from the blood of
an anephric patient receiving Methcillin and chloromycetin. Stable microcolonies
were isolated from blood in tryptose broth incubated for 21 days.
4. Staphylococcus aureus (J. L.): This strain was recovered from the blood of a
patient with lymphatic leukemia receiving cortisone, methotrexate, and penicillin.
Microcolonies were recovered from blood in tryptose broth incubated for 16 days.
5. Staphylococcus aureus (B. M.): This strain was recovered from the blood of
a recipient of a cadaver kidney. The patient was receiving cortisone, penicillin, and
polymixin B. Microcolonies were recovered from blood in tryptose broth incubated
for 30 days.
In-vitro characterization:
1. Coagulase: A heavy inoculum of either typical or microcolony forms from the
surface of agar plates incubated at 370 C. for 48 hours was added to 0.5 ml. of
rabbit plasma. Any clot formation present after overnight incubation was considered
evidence of coagulase activity.
2. Hemolysin: Alpha-hemolysin activity was determined by incubation of the
representative colony forms on the surface of agar containing 7% rabbit blood.
Beta-hemolysin was demonstrated by a similar inoculum on the surface of agar
containing 7% sheep blood. The presence of hemolysis of rabbit blood was considered
evidence of staphylococcal alpha-hemolysin and "hot-cold" lysis of sheep blood was
considered evidence of staphylococcal beta-hemolysin.
3. Staphylokinase: Staphylokinase activity was determined by observing capacity
of the staphylococcal colonies to produce the Muller phenomenon. Typical colony
forms and microcolony forms were inoculated on agar containing 10% fresh rabbit
serum and 1% human hemoglobin. The presence of satellite puncture proteolysis of
hemoglobin (Muller phenomenon) was considered evidence of staphylokinase activity."4
4. Antibiotic sensitivity: Antibiotograms of typical forms and microcolony forms
were done using discs of low potency (penicillin, 2 units; Tetracycline, 5 ug; Neo-
mycin, 5 ug; Bacitracin, 2 units; Streptomycin, 2 ug; Methcillin, 5 ,ug).
Tissue culture studies
Mouse macrophages were obtained by inoculating 1 ml. saline into the peritoneal
cavity of normal mice killed with ether. Peritoneal leukocytes were harvested after
one minute using Pasteur pipette and gentle suction. Twelve mice yielded approxi-
mately 20 million leukocytes. After washing in heparinized saline (1 unit/10 ml.),
the leukocytes were suspended in Hanks balanced salt solution to give 4 X 10'
leukocytes per ml. Approximately 0.5 ml. of the cell suspension was added to a
Leighton tube and after incubation for 60 minutes the unattached cells and supernatant
fluid were decanted and fresh Hanks balanced salt solution with 20% calf serum was
added. After 24 hours the tubes were inoculated with 1 X 10' bacteria.
Monolayers of HeLa cells and/or chick embro cells in Leighton tubes with 20%
calf serum and Hanks balanced salt solution were also incubated with bacteria. The
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HeLa cells were maintained in the laboratory and chick embro cells were obtained
from eggs incubated for eight days using methods described by McCabe. The
embroyos were minced in Hanks balanced salt solution and incubated for one hour
in 1% trypsin to obtain cells for the monolayer. Eggs were infected by injecting
.1 ml. of a suspension of staphylococci into the chorioallantoic sac.
In zivo characteristics: Adult mice weighing approximately 25 gm. were inoculated
intraperitoneally with 1 X 107 or 1 X 10 of either typical colony organisms or
microcolony organisms in 0.2 ml. volume. At appropriate intervals mice were killed
rapidly by chloroform The peritoneal cavity fluid was obtained by injecting 2 ml. of
sterile saline into the peritoneum and withdrawing approximately 1 ml. Blood was
obtained by cardiac puncture through the diaphragm. Both kidneys were removed
aseptically and were homogenized in .85% sodium chloride in water. Colony counts
of the tissue homogenates were made by placing 0.05 ml. of the homogenized material
on the surface of nutrient agar plates.
RESULTS
Microscopic appearance of the individual cocci from microcolonies and
typical colonies were nearly identical. All were gram positive and showed
variation of cocci size. Electron micrographs* were also similar. Cocci
from both microcolonies and typical colonies showed a substantial cell wall.
There was also identical immunologic specificity of the cell wall carbo-
hydrate from microcolony and typical colony forms. Antiserum against
Staphylococcus aureus teichoic acid** precipitated teichoic acid extracted
from both colony forms and there was an arch of identity between precipita-
tion bands. There was no precipitation with antiserum to teichoic acid from
coagulase-negative staphylococci.
There was a striking difference in growth characteristics in Hanks
balanced salt solution containing 10%lo horse serum (the only liquid media
which gave a uniform suspension of organisms without clumping). As
shown in Figure 1, the parent form of 502A gave a typical growth curve
in this medium and a logarithmic phase was clearly shown. When micro-
colony organisms were incubated there was a slow increase in the number
of organisms and after 18 hours incubation there was only a one log
increase in the number of colony-forming units.
A variety of media and growth conditions were examined to determine
effect on the colony characteristics of staphylococci. There was no change
in the colony or pigment when the microcolonies were inoculated on agar
containing: a) trypsin, b) hyaluronidase, c) extracts from human poly-
morphs, or d) 10%o yeast extract. The presence of 20%o horse serum in
agar provided conditions that allowed the microcolonies to grow somewhat
*Kindly performed by Dr. J. G. Hirsch, Rockefeller University, New York.
** Generously provided by Dr. Stephen I. Morse, Rockefeller University, New York.
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FIG. 1. Growth curve for typical colony and microcolony staphylococci incubated
in Hanks balanced salt solution containing 10% horse serum. This particular media
was used since clumping of microcolony staphylococci occurred in all other broth
media tested. The growth curve for typical colony forms was identical in this media
and in nutrient broth.
larger than on other media; however, subculture on serum-free media
again demonstrated small pin-point clear colonies.
Staphylococcus aureus organisms from microcolonies were uniformly
coagulase positive (Table 1). The clotting of rabbit plasma was delayed,
however, and 18 hours incubation was necessary for clot formation. It
was not possible to study the presence of bound coagulase, i.e., clumping
factor, of cocci in microcolonies because of spontaneous clumping in liquid
media or water.
Differences in antibiotic sensitivity were minimal. Antibiotograms using
low potency discs showed very similar diameters of inhibition with both
colony forms.
A difference was noted in the hemolytic activity of microcolonies and
the parent typical colony forms (Table 1). The typical colonies produced
a zone of beta-hemolysis when incubated on nutrient agar containing either
rabbit blood or sheep blood. Three of the five microcolonies did not
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TABLE 1. COMPARISON OF TYPICAL COLONY AND MICROCOLONY
STAPHYLOCOCCI
Alpha- Beta- Muller
Culture Coagulase hemolysin hemolysin phenomenon
502A + + + +
502A (microcolonies) + - +
Kramer + + + +
Kramer (microcolonies) + +
L.H. + + + +
L. H. (microcolonies) + - +
J.L. + + + +
J. L. (microcolonies) + + - -
B.M. + +
B. M. (microcolonies) - + +
hemolyze rabbit erythrocytes even after prolonged incubation but there
was prompt hemolysis of sheep blood by both colony forms. Three of the
microcolony species apparently lost capacity to produce alpha-hemolysin
but beta-hemolysin continued to be formed.
A difference between typical colony forms and microcolonies was also
demonstrated when capacity to produce the Muller phenomenon was
assayed (Table 1). The satellite proteolysis that occurred in agar plates
containing fresh serum has been shown to be activation of serum plas-
minogen by staphylokinase.' Four of the typical colony forms produced
staphylokinase but none of the microcolonies demonstrated staphylokinase
activity. These in vitro comparisons suggested that microcolonies may be
less virulent than the parent typical colony forms and in vivo activity was
investigated.
Staphylococci from typical colonies, inoculated intraperitoneally in mice,
produced a mortality rate of approximately 30%0 (Table 2). Macroscopic
TABLE 2. MORTALITY IN MICE AFTER INTRAPERITONEAL INOCULATION
Mice Alive at Mortality
Organisms inoculated inoculated two days rate
502A 1 x 107 28 19 32%
502A (microcolony) 1 X 1O7 47 46 2%
502A1X 10' 24 16 33%
502A (microcolony) 1 X 10° 30 30 0%
Kramer 1 X 107 12 5 58%
Kramer (microcolony) 1 X 107 18 18 0%
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TABLE 3. ORGAN LOCALIZATION OF VIABLE STAPHYLOCOCCI IN MICE
48 HOURS AFTER INTAPERITONEAL INOCULATION
Number infected*/number of animals
Peritoneal
Organisms inoculated Kidney Spleen Blood fluid
502A 1 X 107 23/35 25/35 19/35 19/35
502A microcolony 1 X 10 41/77 18/58 13/56 15/56
* More than 10 colonies cultured from tissue homogenate or direct streak of blood
or peritoneal fluid.
abscesses of the kidneys and occasionally the spleen were noted in mice
receiving bacteria from large colonies. A similar quantity of staphylococci
from microcolonies produced no mortality and did not bring about illness
or evidence of lesions in the mice (Table 2).
The localization of bacteria in the infected mice was similar with either
bacterial form (Table 3). Organisms were also recovered from the spleen,
blood, and peritoneal fluid in a majority of the mice sacrificed within 72
hours after infection. There was clearing of both microcolony and typical
colony organisms from blood, kidney, and spleen of the mice at a generally
similar rate (Tables 4 and 5). It was possible to recover bacteria from
both colony forms seven days after inoculation but after 14 days most
tissues examined were sterile.
Staphylococci from microcolonies were studied in embryonated eggs and
in tissue culture systems in an attempt to determine pathologic effect on
these tissues. When the chorioallantoic sacs of 12-day embryonated eggs
were inoculated with staphylococci from typical colonies and with equal
numbers of organisms from microcolonies, there was a 92% mortality in
chick embryos inoculated with typical staphylococci and a 29% mortality
TABLE 4. PERSISTENCE OF INFECTION WITH MICROCOLONY STAPHYLOCOCCI
AFTER INTRAPERITONEAL INOCULATION
Number infected*/Number of animals
Peritoneal
Time after inoculation Kidney Spleen Blood fluid
2 Days 28/33 10/14 5/18 9/18
4 Days 10/20 6/20 6/20 4/20
7 Days 3/24 2/24 2/18 2/18
14 Days 0/6 0/6 - -
* More than 10 colonies cultured from tissue homogenates or direct streak of blood
or peritoneal fluid.
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TABLE 5. PERSISTENCE OF TYPICAL COLONY STAPHYLOCOCCI INFECTIONt
AFmR INTRAPERITONEAL INOCULATION
Peritoweal
Time after inoculation Kidney Spleen Blood fluid
4 days* 4/5 5/5 1/5 2/5
7 days* 6/10 5/10 3/10 5/10
14 days 1/5 0/5
* Sixty-eight percent of mice inoculated with bacteria survived to time of
examination.
t More than 10 colonies cultured from tissue homogenates or direct streak of
blood or peritoneal fluid.
in eggs inoculated with an equal number of organisms from microcolonies
(Table 6). There was a one log increase in the number of microcolony-
forming organisms recovered from the chorioallantoic fluid of viable
embryonated eggs after 48 hours incubation. Microcolonies were not re-
covered from homogenates of the embryo tissue however, and there was
no evidence of reversion of microcolonies to typical colony forms in eggs.
Mouse peritoneal macrophages in tissue culture with Hanks balanced
salt solution and 20%o calf serum as maintenance medium were inoculated
with typical staphylococci and microcolonies. When small numbers of
bacteria were inoculated there was rapid phagocytosis and complete killing
of both typical colony and microcolony staphylococci. However, with
larger inoculae of typical staphylococci (1 X 10 organisms) there was
destruction of the macrophage monolayer and overgrowth of bacteria.
There was evidence of degranulation and phagocytic vacuoles containing
cocci in the cytoplasm of macrophages inoculated with micro-colonies,
but the macrophages were viable. In HeLa cells monolayer cultures there
was rapid phagocytosis and killing of staphylococci at low concentrations
(1 X 104 organisms). When 1 X 106 organisms were inoculated, there
was nearly complete destruction of HeLa cells 18 hours after inoculation
with typical staphylococci and very few cells remained fixed to the glass
surface. HeLa cells inoculated with an equal number of microcolony
TABLE 6. COMPARISON OF TYPICAL COLONY AND MICROCOLONY
STAPHYLOCOCCI IN 10-DAY EMBRYONATED EGGS
Number of eggs Viable embryos after incubations for:
Inoculum inoculated 1 Day 2 Days 3 Days 4 Days
1 X1O' typical 13 3 3 2 1
Staph. aureus
1 X 10' microcolony 17 17 14 14 12
Staph. aureus
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organisms were intact and viable as long as 72 hours after incubation.
Increased vacuolation of the cytoplasm of the macrophages was the only
detectable morphologic change. There was occasional reversion of micro-
colonies to typical colony forms in HeLa cells tissue cultures. Although
the microcolonies were not phage typable the reverted typical colonies
were lysed by the same phages that lysed the parent typical colony forms.
Attempts to define conditions that bring about the predictable reversion
of microcolonies to typical colonies in vivo have not been successful.
Experiments have included examination of tissue homogenates from mice
inoculated with microcolonies after treatment with cortisone, penicillin,
or both and tissues obtained from leukemic mice. There was no reversion
to typical colony forms under any of these conditions.
DISCUSSION
Bacterial persistence is undoubtedly a state of tenuous balance between
host cellular and humoral bacteriostatic mechanisms and modified microbial
metabolism. When systemic symptoms or infectious lesions occur, bacteria
with "typical" morphology and virulence are cultured. It seems highly
probable that microcolony forms of bacterial species that appear when
bacteria are cultured in unfavorable environmental conditions may rep-
resent an example of such modified metabolism which would allow per-
sistence without symptoms.7"
The advent of antimicrobial agents allowed some definition of in vitro
conditions that promote microcolony formation." That these conditions
may also contribute to suboptimal growth conditions in vivo was suggested
by observations that microcolonies of bacteria are recovered from patients
on antimocrobial therapy.1"1' Isolation from patients who have never re-
ceived antibiotics has also been reported,"' so that "native" host factors
also provide conditions for microcolony formation.
In this study, strains of Staphylococcus atureus were recovered from a
variety of lesions and the microcolony forms were obtained under several
conditions. For example, the 502A microcolonies appeared in cultures
with subinhibitory concentrations of penicillin. Kramer microcolonies were
recovered on primary culture from a patient receiving Nafcillin.' The
others were recovered from trypticase broth blood cultures along with
staphylococci that formed typical colonies.
The in vitro characteristics of all of these strains were strikingly similar
and suggested both diminished metabolism and loss of capacity to produce
extracellular toxins. The prolonged lag phase of growth and slow replica-
tion illustrated in Figure 1 is consistent with observations of Chinn,"' who
found that replication occurred at approximately three hours with the
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microcolony organisms as compared with 36 minutes for the parent
organisms. This slower rate of respiration in microcolony forms would
not explain at least three qualitative differences between typical colony
forms and microcolonies. The parent Staphylococcus aureus strains were
lysed by appropriate phages but there was no lysis of microcolonies even
at 1,000 times routine test dilution. The microcolonies did not produce
staphylokinase and there was loss of alpha-hemolysin but not beta-hemo-
lysin activity.
There was a striking difference in capacity of the two colony forms to
produce disease in mice, which may be a clue to factors that are significant
in virulence. Coagulase or beta-hemolysin were produced by the micro-
colonies while staphylokinase and alpha-hemolysin were not produced by
the strains used. This suggests that for in vivo studies alpha-hemolysin
or staphylokinase may be significant toxic factors. The microscopic
morphology and at least part of the cell wall carbohydrate of microcolony
and typical colony forms were identical. The microcolony staphylococci
yielded teichoic acid that was immunologically identical to teichoic acid
from typical colony forms.
The two colony forms were phagocytized equally well in vitro and in
tissue culture of mouse-macrophages containing serum. The organisms
were also engulfed by HeLa cells and chick embryo cells, which could be
interpreted as evidence for identical cell wall structure.
The experiments with mice confirmed previous observations with
staphylococci3 and Brucella10 that microcolonies are of low pathogenicity.
It is postulated that this property may also allow the organisms to persist
for prolonged periods in the intact animals in certain disease states. There
was rapid clearing of microcolony organisms in the mice however, and
although disappointing, does not invalidate the suggestion that microcolony
forms (or other modified forms such as L-forms) may be present in latent
infections. It would be necessary to duplicate in experimental animals
conditions of modified vascular supply, pH change, and other variables
in tissue that are undoubtedly present when bacteria persist in the human
host.
The slow replication of the variant bacteria may be related to necessity
for prolonged high dose antibiotic therapy in established abscess disease
in order to completely eradicate organisms and diminish the chance of
recurrent disease.
SUMMARY
Characteristics of microcolony staphylococci and typical colonies have
been compared. The microcolonies obtained from a variety of sources were
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generally similar to typical colonies in microscopic appearance of cocci and
in immunochemistry. Production of staphylocoagulase and beta-hemolysin
by the microcolonies was detected. Alpha-hemolysin production was varia-
ble. The microcolonies demonstrated a prolonged germination time, were
not lysed by bacteriophage, and did not produce staphylokinase.
Suspensions of microcolony organisms were not pathogenic for mice and
although readily engulfed by phagocytic cells produced little cytotoxicity.
These characteristics of microcolony staphylococci suggest that rate of
replication and certain extracellular products of staphylococci may be
related to bacterial virulence.
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